Introduction
Despite the development of new coronary stent technologies, in-stent-restenosis and late stent-thrombosis are still relevant and can be accompanied by severe clinical complications [1] . Interactions of blood and tissue cells with the implanted material could be an important reason for these side effects. Recently, we investigated a material dependent endothelialisation, smooth muscle cell growth and thrombogenicity [2] . The aim of this study is to investigate if endothelial cell function and mechanotransduction are also dependent on surface material. Therefore we investigated gene expression markers eNOS, PECAM-1, APJ and Apelin, as well as NO production rate from human umbilical venous endothelial cells (HUVEC) cultivated on the biodegradable polymer poly(L-lactide) (PLLA) and the polymeric blend of poly(L-lactide) and poly(4-hydroxybutyrate) (PLLA/P(4HB)).
Methods
Human umbilical venous endothelial cells (HUVEC) were cultivated on the surfaces of new biodegradable polymers: poly(L-lactide) (PLLA) and a polymeric blend of PLLA/P(4HB) in a ratio of 78/22% (w/w) and the control surface Thermanox. Then, hemodynamic shear stress (1.5 dyne/cm² for venous, 20 dyne/cm² for arterial conditions) was applied for 3 hours using a parallel plate flow chamber. After shear stress exposure cells were detached and prepared for real-time qPCR and Western Blot analysis. The supernatant was collected for nitrate and nitrite measurement. Figure 1 shows relative eNOS expression of HUVEC on PLLA and PLLA/P(4HB) compared to the control under static and dynamic conditions. Gene expression of eNOS is not only shear stress dependent, but also material dependent. HUVEC grown on the polymeric surfaces have higher eNOS expression than on the control surface. Under high shear stress conditions, eNOS expression of HUVEC on PLLA/P4(HB) is increased 2.5-times compared to the control (p<0.05, figure 1 ). The expression of Apelin also seems to be different on diverse materials. Apelin expression of HUVEC is activated under physiologically low shear stress conditions. On the polymer blend PLLA/P(4HB) activation is highest under low shear stress ( figure 3 ). The Apelin receptor APJ also seems to show a dependency on various materials (figure 4). The APJ expression is highly activated on control surface under shear stress while it is down regulated on both polymers (p<0.05, figure 4 ). 
Results

Discussion
These data show that markers of endothelial cell function are dependent on the surface material. Expression of eNOS was highest in HUVEC grown on the polymer blend PLLA/P4(HB). eNOS, a well established marker of endothelial cell function, represents the metabolic status of the cell. Former studies have shown that eNOS is reduced in endothelial dysfunction, e.g. hypertension and arteriosclerosis [3] . Endothelial recoverage of stented coronary arteries strongly dependents on the stent surface material. A polymer material on which eNOS production is high under shear stress conditions is more qualified than a material that rarely triggers cell functionality.
In the present study, we also examined the mRNA expression of the endothelial antigen PECAM-1, a transmembrane glycoprotein that functions as cell-cell adhesion molecule.
Once a cell-cell contact is constituted, PECAM-1 accumulates on contact sites, and via homophilic extracellular domains, establishes interactions with neighbouring cells. PECAM-1 plays a key role in platelets/leukocytesendothelial cells interaction, and in forming and maintaining the contact-inhibited state in endothelial cells. Endothelial cells form cell junctions during processes such as cell growth and migration, displaying PECAM-1 immunostaining at endothelial layers [4] . Joner et al. documented a generally poor PECAM-1 expression of sirolimus-and paclitaxeleluting stent struts after 14 and 28 days, suggesting an inhibition of endothelial cell migration and proliferation, endothelial injury, and/or increased cell turnover [5] . Data of this study demonstrate furthermore that endothelial expression of PECAM-1 is dependent on the surface material. Compared to PLLA, endothelial cells on PLLA/P(4HB) present a high PECAM-1 expression suggesting that PLLA/P(4HB) has the ability to establish cell-cell junctions and interactions for a healthy endothelial layer. The Apelin/APJ system has increasing evidence in the cardiovasculare system [6] . We could show (data not shown here) that the apelinergic system acts dependent on shear stress and influences NO production of endothelial cells. Moreover, these data demonstrated that the polymeric surface material has substantial influence on the Apelin and APJ expression. Further studies are required to investigate the precise role and the impact on Apelin signalling on different materials. Furthermore, endothelial cells grown on the PLLA/P(4HB) surface exhibit an organized cytoskeleton and they posses a normally developed glycocalyx (data not shown here). Endothelial cells on PLLA/P(4HB) adhere as a strong continuous monolayer and show a distinct structure organization. In summary, the polymeric blend PLLA/P(4HB) has beneficial qualities regarding endothelial growth and function, and therefore seems to be a promising material for vascular stents and stent coatings.
